The effect of zinc and cadmium on <5-aminolevulinate dehydratase of bovine erythrocytes stored at -30 °C for different times was determined. The results show a. storage of erythrocytes leads to an enhancement of the enzyme activity, which after six weeks is 165% (500 [*.M ZnCl2) respectively 220% (100 /um CdCl2) for red blood cells of calves, and after four weeks is 420% respectively 450% (same concentrations) for red blood cells of adult cattle, b. the older the samples are, the higher is the metal concentration, needed for activation.
Introduction
(5-Aminolevulinate dehydratase, E.C. 4.2.1.24. (ALAD) is an enzyme involved in an early step of porphyrin biosynthesis. It catalyzes the conden sation of two molecules of (5-aminolevulinate yield ing one molecule of porphobilinogen (PBG) and two molecules of H 20 . ALAD shows a good activi ty in red blood cells and has also been detected in a large variety of other animal and vegetable tissues. The properties of this enzyme are better known from animal sources. W ilson et a l . 1 reported that ALAD from beef liver possesses 56 sulfhydryl groups per molecule, which can be activated by thiols. Because of the high affinity between sulf hydryl groups and metal ions -especially heavy metal ions -it can be expected that metals may be bound to the enzyme in its natural environment. There are numerous, but sometimes contradicting reports about the metal requirem ent of this enzym e2. Several authors reported copper as a co factor of A L A D 2' 3. For monovalent cations Sluiters-Scholten et al. 4 could not show any effect of potassium ions on the enzyme activity in leaves of Phaseolus vulgaris, although Schneider (spinach) 5 and Shetty and Miller (tobacco) 6 reported inhibi tion by potassium ions. This is also in contrast to the reported behaviour of ALAD from Rhodopseudom onas spheroides, in that the bacterial enzyme exhibited a monovalent cation require m e n t7. Some investigations indicate that zinc is in volved in the activity of ALAD. G urba et al. 8 re- ported that purified ALAD from beef liver contains approximately 1 g atom zinc per 275 000 g of p ro tein. The zinc ion enhanced ALAD activity when incubated with enzyme preparations from rat liver 9. On the contrary in vitro addition of ZnCl2 to ery throcyte preparations, obtained from rats on low zinc diet, only slightly increased the level of the enzyme activity, while in vivo studies showed a significant decrease in enzymatic activity in rats fed low zinc d ie t2. From this the authors conclude that the requirem ent of this metal is at the site of synthesis of the enzyme.
To get more information about the effect of metal ions on ALAD it was the aim of this work to in vestigate the effect of zinc and that of the chemically related cadmium in protecting against losses of ALAD during storage of red blood cells.
Materials and M ethods
Blood of calves (12 weeks old) and adult cattle (14 years old) was collected with heparin. The plasma was removed and the cells were washed twice with icecold 0.85% NaCl solution. Hemolyzed ery throcytes (rapid freezing and thawing twice) were used as the source of the enzyme. Erythrocytes treated in this way but without storage are called "freshly isolated erythrocytes" . For investigations of storage effects, the samples were stored at -30 °C. ALAD activity was tested as reported 10 with slight modifications. The assay m ixture con tained: HEPES-buffer pH 7,0, 150 /zmol; NaNOa , 6 /« n o l; MgCl2 , 6 /« n o l; ALA, 8 //m ol; hemolyzed erythrocytes corresponding to a hemoglobin content of about 25 m g; different concentrations of ZnCl2 and CdCl2 (see results) in a final volume of 3 ml.
The incubation was run for 90 min at 30 °C. It was stopped by addition of 0.5 ml of a mixture con taining TCA (28%) and HgCl2 (1.9% ). The amount of PBG was estimated according to Mauzerall and Granick n . The content of hemoglobin was analyzed with the aid of a Boehringer test combination, the amount of zinc, cadmium, and iron by atomic ab sorption spectrography. The experiments were re peated at least three times. Fig. 1 shows the activity of ALAD from calf erythrocytes stored different times at -30 °C in relation to the zinc concentration. For freshly iso lated erythrocytes there is no effect up to 100 Zn2+; raising the zinc concentration results in a loss of activity, reaching zero at 500 j u m Zn2+. This finding is in accordance with results of other a u t h o r s 5. Storage of erythrocytes leads to an enhancement of enzyme activity by Zn2+, which is about 20% (200 um Zn2+) in samples stored up to three weeks. ALAD of six weeks old samples shows a more intensive activation by zinc ions. The highest PBG production (165% of the control) is mediated by a Zn2+ concentration of 500 jliM that, by using freshly isolated erythrocytes, is followed by a com plete inhibition. The effect of Cd2+ is still more pro nounced (Fig. 2 a ) . For this ion an enhancement of PBG synthesis was m easured in freshly isolated erythrocytes. The older the samples are, the more pronounced is the enhancement, and the higher is the optimum Cd2+ concentration. While the most intensive enhancement with fresh enzyme is at a Cd2+ concentration of 20 j u m , after a week it is 50 j u m , and after two weeks it is 100 j u m (Fig. 2 b ) . In relation to this, the inhibition by higher Cd2+ concentrations is reduced: While a 2 0 0 j u m Cd2+ solution at the beginning causes an inhibition of about 70%, the same concentration is still en hancing the enzyme of six weeks old erythrocytes. Fig. 3 shows the decrease of the PBG synthesis of the untreated controls during storage. This decrease of PBG synthesis can be reduced by Zn2+, but not compensated. However, incubation with Cd2+ re sults in an enzyme activity that exceeds the control up to a period of two weeks. Only after this time the effect of storage exceeds the enhancement in duced by Cd2+. In Figs 4 -6 the results of similar investigations, done with erythrocytes of adult cattle, are given. The effect of the metal ions is much more pronounced. For the range of concentrations in vestigated, a maximum of enhancement (420%) was found with 500 jum Zn2+ (Fig. 4 ) . It is inter esting that in this case the PBG production by freshly isolated erythrocytes is enhanced by Zn2+
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(170% of the control) (Figs 4, 6 ). The change of A Cd2+ concentration of 200 jum that induced a complete inhibition using a freshly prepared sus pension, two weeks later leads to an activity, which is 400% of the corresponding control (Fig. 5 a ) . The results show a. that besides a possible essen tial role in catalysis the zinc ion probably acts in protecting against enzyme losses during storage and b. that this effect is not only restricted to zinc, but is still more pronounced using cadmium. This protection possibly could be due to a replacement of zinc ions lost during storage by added zinc and cadmium -but there was no significant enrich ment of zinc in the suspension medium after thawing. The quantitatively different reaction of the ery throcyte ALAD of different aged cattle is interest ing too. In comparison Table I shows the content of Fe, Zn, and Cd of both samples of blood with respect to hemoglobin. While the content of iron is sim ilar in both samples and cadmium could not be detected, the amount of zinc in washed erythro cytes differs. For the adult it is about five times higher than for the calf.
The mode of action of these quantitative different protection effects -perhaps due to an adaption to the higher zinc content of the red blood cells of adult cattle -must be subject of further investiga tions.
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